Smeltzer M, Scott K, Melhorn S, Krause E, Sakai R. Amylin blunts hyperphagia and reduces weight and fat gain during recovery in socially stressed rats. Am J Physiol Regul Integr Comp Physiol 303: R676 -R682, 2012. First published July 25, 2012 doi:10.1152/ajpregu.00090.2012.-During recovery from social stress in a visible burrow system (VBS), during which a dominance hierarchy is formed among the males, rats display hyperphagia and gain weight preferentially as visceral adipose tissue. By proportionally increasing visceral adiposity, social stress may contribute to the establishment of metabolic disorder. Amylin was administered to rats fed ad libitum during recovery from VBS stress in an attempt to prevent hyperphagia and the resultant gain in body weight and fat mass. Amylin treatment reduced food intake, weight gain, and accumulation of fat mass in male burrow rats, but not in male controls that spent time housed with a single female rather than in the VBS. Amylin did not alter neuropeptide Y (NPY), agouti-related peptide (AgRP), or proopiomelanocortin (POMC) mRNA expression in the arcuate nucleus of the hypothalamus as measured at the end of the recovery period, nor did it affect plasma corticosterone or leptin. Amylin exerted most of its effect on food intake during the first few days of recovery, possibly through antagonism of NPY and/or increasing leptin sensitivity. The potential for chronic social stress to contribute to metabolic disorder is diminished by amylin treatment, though the neuroendocrine mechanisms behind this effect remain elusive. metabolic disorder; energy expenditure; neuropeptide Y; leptin; visible burrow system AMYLIN IS A PEPTIDE HORMONE cosecreted with insulin from pancreatic ␤-cells that acts as both a satiation and adiposity signal. Administration of amylin reduces food intake and decreases weight gain and fat mass, with relative preservation of lean mass (19, 22, 32) . Conversely, recovery from social stress can cause precisely the opposite effects on food intake, body weight, and adiposity (10, 35). We use the visible burrow system (VBS) as a model of psychosocial stress. The VBS consists of a set of chambers and tubes that socially house 4 male and 2 female Long-Evans rats for 2 wk. In this situation, the male rats form a dominance hierarchy as they compete for access to females (5). When housed in the VBS, subordinate (SUB) rats lose a significant amount of weight, primarily from adipose mass, but also from lean mass. After removal from the VBS, rats are singly housed and allowed to recover for a few weeks, during which time SUB rats display hyperphagia and significant weight increase (36). SUB rats exposed to two cycles of VBS and recovery have greater amounts of adipose tissue than dominant (DOM) and control (CON) rats. In addition, a greater proportion of this fat is located in the visceral compartment, a pattern of deposition that has been associated with greater risk of metabolic dysfunction (4, 36).
AMYLIN IS A PEPTIDE HORMONE cosecreted with insulin from pancreatic ␤-cells that acts as both a satiation and adiposity signal. Administration of amylin reduces food intake and decreases weight gain and fat mass, with relative preservation of lean mass (19, 22, 32) . Conversely, recovery from social stress can cause precisely the opposite effects on food intake, body weight, and adiposity (10, 35) . We use the visible burrow system (VBS) as a model of psychosocial stress. The VBS consists of a set of chambers and tubes that socially house 4 male and 2 female Long-Evans rats for 2 wk. In this situation, the male rats form a dominance hierarchy as they compete for access to females (5) . When housed in the VBS, subordinate (SUB) rats lose a significant amount of weight, primarily from adipose mass, but also from lean mass. After removal from the VBS, rats are singly housed and allowed to recover for a few weeks, during which time SUB rats display hyperphagia and significant weight increase (36) . SUB rats exposed to two cycles of VBS and recovery have greater amounts of adipose tissue than dominant (DOM) and control (CON) rats. In addition, a greater proportion of this fat is located in the visceral compartment, a pattern of deposition that has been associated with greater risk of metabolic dysfunction (4, 36) .
The behavioral, metabolic, and endocrine responses to stress can contribute to the development of obesity and obesityrelated diseases (7) . Mediating factors in these responses include several peripheral and central "homeostatic" peptides, which are involved in affective and behavioral processes, as well as control of appetite and metabolic regulation. Some neuropeptides, such as orexigenic neuropeptide Y (NPY) and agouti-related peptide (AgRP), and the anorexigenic proopiomelanocortin (POMC) have well documented roles in both feeding and stress and are influenced by peripherally generated peptides like leptin and amylin (21, 33) . The primary means by which amylin reduces weight gain is through inhibition of food intake (32) , specifically through a reduction in meal size combined with a shortening of meal duration at higher doses (19, 22, 31) . The hyperphagia of SUB rats during recovery is characterized by the ingestion of larger meals and longer meal duration with no increase in meal frequency (23) . The driving force behind this hyperphagia may be related to the elevated NPY mRNA in the arcuate nucleus of the hypothalamus (ARC) and reduced plasma leptin seen in burrow rats at the beginning of recovery (23, 36) . Additionally, amylin blocks NPY-induced hyperphagia (25) .
The purpose of this study was to determine whether chronic peripheral perfusion of amylin during recovery from VBS could prevent or lessen the disproportionate increase in adipose mass observed in SUB rats during recovery. We hypothesized that amylin would successfully ameliorate the hyperphagia, body weight, and fat gain seen during this time period. We proposed that such and effect might occur via disruption of central orexigenic signaling, specifically NPY signaling in the ARC, since NPY gene expression is altered by both chronic social stress and amylin treatment. Furthermore, any effect on hypothalamic gene expression could be a downstream result of an effect on peripheral signals of stress or adiposity, such as corticosterone or leptin, respectively.
MATERIALS AND METHODS
Animals and housing. All procedures were approved by the University of Cincinnati Institutional Animal Care and Use Committee and were performed in accordance with the Guide for the Care and Use of Laboratory Animals (National Institutes of Health, 1996). Long-Evans rats, ϳ90 days of age, were obtained from Harlan (Indianapolis, IN). Under all housing conditions, rats were maintained under a 12:12-h light-dark cycle with ad libitum access to standard low-fat chow (Teklad Sterilizable Mouse/Rat Diet 7012; Harlan Teklad, Madison, WI) and water. Rats were individually housed upon arrival in conventional shoebox cages (18 ϫ 24.5 ϫ 18 cm) for 4 wk and then assigned to a visible burrow system (VBS) colony or a control pair (5) . VBS colonies consisted of four weight-matched males and two females. The structure of the VBS has been previously described (35) . Briefly, the VBS is constructed of black Plexiglas and consists of a large high-walled open-field chamber, and a series of clear tubes connecting the open field to two smaller chambers. The open field is lit by a 15-W bulb on a 12:12-h light-dark cycle, while the tubes and smaller chambers are kept dark to simulate an underground burrow system. Food and water are provided ad libitum in the open field and in both of the smaller chambers. Infrared cameras are suspended above each of the burrows to record behavior during the dark cycle. Control (CON) males were weight-matched to their respective VBS colony and housed with a single female in a shoebox cage for the duration of the VBS run. After 2 wk of housing in either the VBS or control pairs, males were removed, assessed for body composition, assigned to amylin or control treatment, and returned to their individual cages for a 2-wk recovery with ad libitum access to food and water. Rats were not fasted at any time during this study. After the 2-wk recovery, rats were removed from their home cages and immediately euthanized. Twenty colonies were involved in this study, with each colony yielding one DOM, three SUB, and two CON.
Food intake, body weight, and body composition. Rats were weighed every other day during the VBS and daily during recovery. Total daily food intake was measured by weighing the food hoppers once a day during recovery. Whole body composition was measured by placing each rat into a Plexiglas tube, which was then inserted into an EchoMRI (Echo Medical Systems, Houston, TX) whole body composition analyzer system. This analysis provides estimates of fat mass, lean mass, and water content. Whole body composition was assessed at four time points: prior to entering the VBS, at the end of the VBS, and at 1 and 2 wk of recovery.
Determining social status. The hierarchical status of rats housed in the VBS was determined by previously described criteria, including observation of agonistic interactions between males, body weight, coat condition, and wounding patterns (5) . Dominant (DOM) rats will either maintain their weight or have a minimal loss (3-5%). They engage in more offensive behaviors, and the few wounds that they receive are on their head (consistent with aggressive behavior). SUB rats will lose an average of 5-15% of their body weight and engage in more defensive behaviors, including avoidance, fleeing, and assuming supine, submissive postures. SUB receive more wounds than DOM, generally located on their back and flanks, consistent with avoidance and flight behaviors. Control males (CON) were housed with a single female in conventional caging. Wounds were counted by visual inspection every other day during weighing. CON rats were handled and placed individually in their home cages during the wound count.
Osmotic pump implantation. After 2 wk of VBS housing, pumps were implanted subcutaneously in male DOM, SUB, and CON rats while under brief isoflurane anesthesia. Osmotic pumps (Alzet, Palo Alto, CA) delivered 0.9% saline (blank) or amylin (infused at a rate of 100 g·kg Ϫ1 ·day Ϫ1 ; Amylin Pharmaceuticals, San Diego, CA) during the 2-wk recovery from the VBS. Animals were matched by body weight and composition and divided evenly into blank and amylin groups.
Stress test and hormone measurements. A restraint-stress test was performed on day 7 of recovery. Rats were restrained in clear, ventilated, Plexiglas tubes for 1 h. Tubes were 17 cm long with an inner diameter of 7 cm. Blood was collected at three time points: immediately upon restraint, after 1 h of restraint, and 1 h after release from restraint. Approximately 50 l of blood was collected from the tip of the tail into tubes containing 4 l of 100 mM EDTA. Samples were placed on ice after collection and centrifuged, and plasma was removed and stored at Ϫ20°C until assayed. Plasma corticosterone (CORT) was measured using a radioimmunoassay kit (CORT DA; MP Biomedicals, Solon, OH). Plasma leptin levels were determined from trunk blood collected on the final day of recovery using a rat leptin RIA kit (Millipore, Billerica, MA).
In situ hybridization. All males were euthanized after 14 days of recovery from the VBS. Brains were immediately removed, flash frozen, and stored at Ϫ20°C. Brains were sectioned coronally at 14 m with a Leica 3050 S cryostat, thaw-mounted onto Fisherbrand Superfrost Plus slides (Fisher, Hampton, NJ), and stored at Ϫ20°C. Sections were fixed in a 4% formaldehyde PBS solution for 10 min, then rinsed in PBS, acetylated in 0.1 M triethanolamine with 0.25% acetic anhydride for 10 min, rinsed in 2ϫ SSC, dehydrated through an ethanol series, and delipidated with chloroform. All pretreatment solutions were prepared with diethyl pyrocarbonate-treated water.
Antisense 35 S-labeled probes for NPY (courtesy of James Herman, University of Cincinnati), POMC, and AgRP (both POMC and AgRP courtesy of Streamson Chua, Albert Einstein College of Medicine) were used. Probes were generated by in vitro transcription from cDNA templates using appropriate polymerases obtained from Ambion (Austin, TX). The reaction was digested with DNase, and the probe was precipitated with ammonium acetate and ethanol. The final concentration of the probe in the hybridization mix was 10 6 counts per minute (cpm)/50 l based on incorporated cpm, as determined by trichloroacetic acid precipitation. The remainder of the hybridization mix consisted of 10% dextran sulfate; 50% deionized formamide; 335 mM NaCl; 20 mM Tris-HCl, pH 7.4; 5 mM EDTA; 1ϫ Denhardt's solution; 0.1 mg/ml tRNA; 20 mM DTT; 30 mM fish ssDNA. After pipetting of 50 l of hybridization mix onto each slide, slides were coverslipped and incubated at 55°C for 14 h in hybridization chambers containing blotting paper soaked in 50% formamide.
The next day, coverslips were removed, and slides were washed in 2ϫ SSC, and then incubated for 30 min in 37°C RNase A (100 g/ml). Slides were then rinsed in room temperature 0.2ϫ SSC, incubated in 65°C 0.2 ϫ SSC for 1 h, and finally dehydrated through an ethanol series and dried before placing on film.
Image analysis. Hybridized slides were exposed on Kodak BioMAX MR film for 4 days for NPY and POMC, and 6 days for AgRP. The resulting film images of brain sections were illuminated on a light box and captured by a digital video camera. Semiquantitative analyses of autoradiograph images were performed using Scion Image (Scion, Frederick, MD) software. The arcuate and dorsomedial nuclei of the hypothalamus were identified from the captured autoradiograph images of the tissue using the Paxinos and Watson rat brain atlas (30) . Measurements from both nuclei were taken from ϳ3 mm caudal to bregma. The signal from each section was corrected by subtracting the background tissue area from the same section to give the corrected gray level. The corrected gray level was then multiplied by the area of the signal to give the integrated gray level. For the sake of presentation, results were then converted to percentage of the average of CON blank.
Statistical analysis. Data are presented as means Ϯ SE. Body weight and body composition changes during the VBS were analyzed with a one-way ANOVA. Food intake and body weight during recovery were analyzed using a three-way repeated-measures ANOVA with least significant difference (LSD) post hoc comparisons. Factorial ANOVAs were used to assess body composition, plasma hormone levels, and mRNA expression after recovery with LSD post hoc comparisons. P Ͻ 0.05 was considered significant. Statistics were carried out using Statistica 6 (StatSoft, Tulsa, OK). Graphs were generated using Prism 5 (GraphPad Software, San Diego, CA).
RESULTS
Body weight. During the VBS, body weight was calculated from basal levels (recorded the day before rats were placed in the VBS). There was a main effect of status on weight (F 2,87 ϭ 71.05, P Ͻ 0.001), with SUB having lost a higher proportion of their original weight than DOM, which, in turn, lost more than CON (Fig. 1) .
During recovery, the body weight was calculated as the percentage of weight on the last day of the burrow to account for the implantation of amylin at the beginning of recovery. A three-way repeated-measures ANOVA revealed that both status (F 2,91 ϭ 43.1, P Ͻ 0.001; CON: 102 Ϯ 0.9, DOM: 105 Ϯ 1.1, SUB: 112 Ϯ 0.6) and treatment (F 1,91 ϭ 7.29, P Ͻ 0.01) had an effect on body weight during recovery. Amylin significantly reduced overall weight gain during recovery in DOM and SUB, but not in CON (Fig. 2) .
Body composition. Body composition was determined as the difference in grams between the start and end of the burrow (burrow change), and as difference in grams between the end of the burrow and the end of recovery (recovery change). There was a main effect of status on changes in fat mass (F 2,98 ϭ 91.44, P Ͻ 0.001) and lean mass (F 2,98 ϭ 4.41, P ϭ 0.015) composition during the burrow. While changes in fat composition differed significantly between all three groups (P Ͻ 0.05) (Fig. 3A) , changes in lean only differed significantly between CON and SUB (P Ͻ 0.05) (Fig. 3B) .
Changes in fat mass during recovery reflected main effects of both treatment (F 1,95 ϭ 20.54, P Ͻ 0.001) and status (F 2,95 ϭ 43.07, P Ͻ 0.001) (Fig. 3C) , with all three status groups differing significantly. Amylin suppressed fat mass gain in burrow rats, but not in CON. While lean mass was not affected by amylin, it was affected by status (F 2,95 ϭ 9.88, P Ͻ 0.001). Fig. 2 . Amylin suppressed weight gain in DOM and SUB, but not CON over the course of the 2-wk recovery from VBS. There were no differences on individual days. *P Ͻ 0.005 amylin vs. blank within status group over entire 2-wk recovery. Numbers in parentheses represent group size. Fig. 3 . The VBS had a significant effect on fat mass (A) and lean mass (B). During recovery, both status and treatment affected changes in fat mass (C), while only status significantly affected lean mass (D).
a,b,c Different letters indicate significant differences between status groups (P Ͻ 0.05). *P Ͻ 0.05 between treatments within status group. Numbers in parentheses represent group size.
SUB gained significantly more lean tissue than CON and DOM during the recovery period (Fig. 3D) . At the end of recovery, the percentage of body weight as fat was significantly lower in DOM and SUB than CON (Fig. 4A ), but it was not significantly different between treatments.
Food intake. To account for the difference in body weight among the groups, food intake was calculated as grams of food consumed per kilogram body weight. During recovery, chronic peripheral infusion of amylin produced a significant treatment ϫ status ϫ time interaction (F 12,492 ϭ 4.01, P Ͻ 0.001). DOM and SUB displayed hyperphagia relative to CON, which was blocked by amylin for the first 2 days of recovery. Also, amylin significantly reduced food intake on recovery days 1 and 2 in the DOM and SUB groups, but not in CON (Fig. 5) .
Circulating hormones. Plasma leptin (ng/ml) was measured at the end of recovery. While leptin levels were not influenced by amylin treatment, there was a main effect of status (F 2,51 ϭ 4.18, P ϭ 0.021) with DOM and SUB having a significantly lower leptin concentration than CON, consistent with the lower percent of body weight as fat in DOM and SUB (Fig. 4B) .
Corticosterone (CORT, ng/ml) was measured on day 7 of recovery during a restraint stress test. As expected, restraint stress caused a significant increase in CORT levels, which decreased to baseline levels after an hour of recovery (F 2, 110 ϭ 39.59), and there were no effects of status or treatment on CORT levels (Fig. 6) .
mRNA expression in the arcuate nucleus of the hypothalamus. Amylin had no overall effect on expression of NPY, AgRP, or POMC (reported as percent of CON blank average). Status did not have an effect on NPY mRNA expression; however, status did significantly influence expression of AgRP (F 2,31 ϭ 3.43, P ϭ 0.045) and POMC (F 2,37 ϭ 5.57, P ϭ 0.008). Fig. 7 shows that AgRP expression is less in DOM than in SUB and that POMC expression is less in DOM than SUB and CON.
DISCUSSION
The main interest in amylin lies with its ability to suppress weight gain, with an emphasis on inhibiting fat accumulation, while sparing lean tissue, an effect achieved in large part by a marked reduction in food intake (2, 20, 32) . Considering the hyperphagia displayed by burrow rats during recovery, one might presume that amylin would have less impact on these hyperphagic rats than on control rats. However, weight and fat gain and food intake were reduced only in the burrow rats. These counterintuitive results may stem from interplay between the effects of amylin and the residual effects of the social stress experienced by the burrow rats. Furthermore, the data suggest that such an interaction may be strongest early on in recovery. Possible central and peripheral mechanisms through which amylin exerts more influence over burrow than control rats are discussed below.
The VBS influences several factors that may lead to the hyperphagia seen during recovery in burrow rats. Burrow rats have elevated circulating corticosterone (CORT) levels on the fourth day of being in the burrow, and CORT levels remain elevated at least until the last day of the burrow (1, 5, 6, 12, 23) . The present data indicate that baseline CORT has returned to normal by the 7th day of recovery. Corticosterone stimulates food intake and increases expression of the orexigenic neuropeptides NPY and AgRP in the ARC (34, 39) . In turn, NPY exerts positive feedback on the hypothalamic-pituitary-adrenal (HPA) axis, increasing plasma ACTH and CORT (15) . Thus, chronically elevated CORT levels may create an orexigenic drive through upregulation of NPY and AgRP in socially stressed rats. The loss of fat mass seen in both DOM and SUB indicates a negative energy balance, which may also create an orexigenic drive through similar mechanisms (29) . Indeed, singly housed males weight-matched to SUB VBS rats also show hyperphagia when given ad libitum access to standard chow (36) .
In opposition to the potentially orexigenic effects of VBS stress, burrow rats also show an increase in expression of CRF in the paraventricular nucleus of the hypothalamus and oval nucleus of the bed nucleus of the stria terminalis (1, 6) . Intracerebroventricular administration of CRF reduces food intake (28) and blocks NPY-induced hyperphagia (13) . The net effect of stress on the burrow rats is an inhibition of food intake with a likely increase in energy expenditure during the burrow (16, 23, 24) . Subsequently, body weight and fat mass are reduced during VBS; with SUB rats affected more than DOM, and with SUB even losing lean mass compared with CON. Immediately upon removal from the burrow, SUB and DOM have increased expression of NPY mRNA in the ARC (23), and decreased plasma leptin (36) . It is at this point that burrow rats evince a strong orexigenic drive (23, 26, 36) , which can be transiently blocked by amylin.
Amylin has an effect, direct or indirect, on neuronal activity and feeding-related peptide expression in the ARC (8, 32, 38) . While amylin is known to affect feeding-related peptides in several other hypothalamic areas, previous findings of the effect of VBS on NPY in the ARC led us to focus on this area. Also, preliminary data from another study in our laboratory show a trend for increased AgRP and decreased POMC expression in the ARC of SUB rats immediately at the end of the VBS (unpublished data). Similar to the effects of CRF (13), intracerebroventricular administration of amylin counteracts NPY-induced feeding (25) . While NPY mRNA expression in the ARC is increased on the last day of the burrow, 1 wk later, expression in burrow rats is back to CON levels despite continued hyperphagia (23) . The continued hyperphagia may be attributable to AgRP since elevated AgRP mRNA expression persists after NPY expression has returned to baseline in rats refed after fasting (29) . Amylin had no effect on NPY mRNA expression at the end of recovery, although the coincidence of amylin's transient inhibition of food intake and heightened NPY expression during early recovery warrants further investigation. As of yet, there are no data suggesting interaction between amylin and AgRP. However, we did find that expression of AgRP and POMC mRNA was lower in DOM rats at the end of recovery. Measurements from earlier time points in the VBS/recovery cycle will be necessary for a proper interpretation of these results. Previously, Roth et al. (32) reported elevated levels of both POMC and NPY in the ARC of diet-induced obese amylin-treated rats. The discordance with the present study may be due to differences in dose (100 g·kg Ϫ1 ·day Ϫ1 in the present study instead of 300 g·kg Ϫ1 ·day
Ϫ1
), use of diet-induced obese vs. VBS rats, overall magnitude of weight loss, and/or treatment regimen (2 wk in the present study vs. 24 days). We used a lower dose of amylin in the present study because of concerns that a higher dose would cause SUB rats to continue losing weight during recovery, which might result in debilitating and possibly fatal weight loss. This lower dose may also partially explain the absence of feeding inhibition in CON rats.
Recovery from VBS and amylin treatment modifies total food intake by way of their opposing effects on satiety. The hyperphagia of SUB rats during recovery is characterized by the ingestion of larger meals and longer meal duration, with no increase in daily meal frequency (23) , an effect that may be mediated, at least in part, by NPY, since NPY administration increases food intake by increasing meal size (17) . SUB meal patterns also display a shift in circadian rhythm by consuming fewer meals in the dark phase than DOM and CON (23) . Amylin treatment, on the other hand, decreases food intake primarily through reductions in meal size, along with a shortening of meal duration at higher doses (19, 22, 31) . Amylin also produces a more pronounced reduction in food intake during the light phase (2) , and this may further normalize the meal patterns of SUB rats during recovery. A limited set of preliminary data collected from a subset of animals in this study suggests that on the second day of recovery amylintreated VBS rats ate much smaller meals (ϳ0.5 g per meal) compared with untreated rats (1.5-2 g per meal).
While satiety signals may ultimately converge in the hypothalamus, many of these signals originate in the periphery. Leptin, a hormone secreted from adipocytes, decreases meal size without any effect on meal frequency (9) . The reduction in body weight and fat mass in burrow rats coincides with a reduction in plasma leptin at the end of the VBS (36) that persists through 2 wk of recovery. Although this decrease in plasma leptin is unaltered by amylin administration, it is possible that amylin administration increases sensitivity to leptin by up-regulating leptin receptor expression in the hypothalamus (21) . Indeed, there is an additive effect of amylin and leptin on body weight and food intake, suggesting increased leptin sensitivity in the ARC (37) . Leptin signaling can also be mediated by the HPA axis (11, 18, 39) , suggesting a mechanism by which social stress may enhance leptin and/or amylin sensitivity in VBS rats.
In addition to suppressing food intake, amylin prevents reductions in energy expenditure that would be expected in rats with reduced weight, such as the burrow rats in this study (14, 22, 27, 32) . Administration of amylin to anesthetized rats increases V O 2 , heart rate, and body temperature, and these effects are blocked by pretreatment with a ␤-adrenergic receptor antagonist (27) . Because of the loss of adipose during VBS housing, SUB and DOM have a greater proportion of lean, metabolically active, tissue than CON males, which may, in turn, render them more sensitive to the effects of amylin on energy expenditure.
Perspectives and Significance
Amylin attenuates the hyperphagia, weight gain, and fat gain in rats recovering from social stress. Although the mechanisms through which amylin is able to achieve these effects preferentially in burrow rats remain elusive, the transient suppression of food intake at the beginning of recovery provides some clues as to what those mechanisms may be. Additionally, this transient effect may provide clues to the mechanism through which hyperphagia is sustained throughout recovery. One might speculate that during the burrow, despite the negative energy balance of the rats, stress is inhibiting any potential orexigenic drive. Negative energy balance and heightened CORT could drive up expression of NPY and AgRP during the VBS, but the orexigenic effects of these peptides are blocked by a stressinduced increase in CRF. Once the rat is removed from the stressful environment, inhibition is lifted, and the rat engages in hyperphagia. This could be attributed to a reduction in CRF release, allowing increased NPY and AgRP to drive hyperphagia. Amylin appears to function by transiently suppressing this effect during the first days of recovery, perhaps by inhibiting NPY. The subsequent decrease in NPY after 1 wk of recovery suggests that the orexigenic drive has switched to another mechanism, perhaps one that can resist the effects of amylin. Validation of such proposed mechanisms will require experiments beyond the scope of this study, which was intended to test the hypothesis that amylin will prevent weight gain and hyperphagia in recovering VBS rats. Although we now have confirmation of the effect of amylin in recovering rats, the results from the end-point of our study point to the necessity of earlier measurements to confirm the suspected mechanisms discussed here. Thus, the effects of amylin during recovery would be clarified by future studies measuring the effects of VBS early on in recovery, specifically focusing on NPY, AgRP, POMC, and leptin receptor expression during the peak of amylin's effect on food intake. Further experiments would also benefit from the addition of weight-matched controls to distinguish the effects of weight loss from the effects of social stress on hyperphagia, feeding-related peptides, and interactions with amylin.
